The effect of temperature on fluorescence and emission anisotropy spectra of 4-cyano-N,Ndimethylaniline (CDMA) was investigated in viscous (glycerol and paraffin oil) and rigid (polyvinyl alcohol) PVA and polyvinyl chloride) PVC) media. A strong effect of temperature on the intensity of a and b emission bands was observed. It was also found that the emission anisotropy, r, does not vary in the longwave emission band a at a fixed temperature but decreases in the emission band b together with the decreasing wavelength. The latter effect is due to the fact that the transition moment in this band is perpendicular to the long axis of the CDMA molecule. For CDMA in paraffin oil, a normal b band with negative emission anisotropy only occurs. In all other media used, the emission anisotropy has lower values, approaching zero, which results from the considerable covering of band b with a broad emission band a.
Introduction
The investigations of Lippert et al. [1] [2] [3] [4] concerning light polarization (emission anisotropy) in the absorption and fluorescence bands of p-cyano-N,Ndimethylaniline (CDMA) (synonymous: p-dimethylamino-benzonitrile) and of other similar nitrile compounds have shown that the bands of fluorescence b (normal) and fluorescence a (anomalous) originate from states having different 1 L b / 1 L a symmetries. In nonpolar solvents, the highly polar state *L a of molecule CDMA is, on the energy scale, situated close to, yet above, the state ^^ In polar solvents, the intermolecular energy interaction of the solvent shell with the polar CDMA molecule shifts the x L a state below the state. Therefore, the respective band of fluorescence a lies on the longwave side of the fluorescence band b. The higher the polarity of the low viscous solvent, the greater the red shift of band a [1, 5, 6] .
As shown in [1, 3, 6] , the shortwave fluorescence b is polarized perpendicularly to the long axis of CDMA, the short axis of which lies in the plane of the aromatic ring. The band of fluorescence a is polarized along the long axis and exhibits strong temperature dependence in liquid solvent [5, 7] .
Reprint requests to Prof. Dr. Alfons Kawski, ul. Gen. W. Sikorskiego 11, Poland. It was demonstrated in addition that the original hypothesis [1, 5, 8] 
crossing may be combined with the twisted internal charge transfer (TICT) mechanism [9, 10] to form a consistent intramolecular reaction model [3, 11] . The hypothesis of the TICT states was at first based on the finding that the degree of fluorescence polarization (emission anisotropy) of nitrile compounds similar to CDMA is high and positive in viscous or rigid solutions, irrespective of excitation which is either in the first or the second absorption band [9, 12] .
The hypothesis of the TICT mechanism was supported experimentally by measuring the fluorescence of sterically hindered amino compounds [9, 10, 12, 13] and by numerous quantum-mechanical calculations using widely different methods [11, [13] [14] [15] [16] .
In the measurements of the emission anisotropy, rigid isotropic (polymers or frozen solutions) or highly viscous solutions (e.g. glycerol) are used to prevent rotational motions of solute molecules. It turns out that already at room temperature some of the luminescent compounds embedded in the polymer, such as polyvinyl alcohol) (PVA) exhibit phosphorescence in addition to fluorescence [17] .
In the present paper, the behaviour of the emission anisotropy in the absorption and emission bands of CDMA is investigated in media such as glycerol, paraffin oil, polyvinyl alcohol) (PVA) and polyvinyl 0932-0784 / 97 / 0500-0386 $ 06.00 © -Verlag der Zeitschrift für Naturforschung, D-72072 Tübingen chloride) (PVC) at room and higher temperatures (up to 383 K).
Experimental
4-Cyano-N,N-dimethylaniline (CDMA) and glycerol 99.5 + % spectrophotometric grade were from Aldrich Chemical Company, Inc., Steinheim, Germany. Paraffin liquid oil for spectroscopy was from Enzymes, England. PVA films were obtained from polyvinyl alcohol) (100% hydrolyzed, MW 106 000-110 000, Aldrich-Chemie) and PVC films were prepared using polyvinyl chloride) (BDH Chemicals Ltd., Poole, England; high molecular weight, MW approximately 200 000). Isotropic PVA and PVC films were prepared by the method described in [18, 19] . The CDMA molecules were introduced into PVA and PVC through methanol and tetrahydrofuran, respectively.
Absorption, fluorescence, phosphorescence and emission anisotropy * spectra were measured by methods described in [20, 21] .
Results and Discussion

Absorption, Fluorescence and Emission
Anisotropy Spectra of CDMA in Glycerol and Paraffin Oil Figure 2 shows absorption, fluorescence and emission anisotropy spectra of CDMA in glycerol, measured at two different temperatures, 295 and 353 K. It should be noted that the longwave absorption band as well as the symmetrical "normal" band of fluorescence b are narrow compared to the "anomalous" band of fluorescence a. The emission anisotropy in band a markedly exceeds that in band b for the maximum dynamic viscosity at 295 K ( Table 1 ). The decreasing of the emission anisotropy in band b for the decreasing wavelength means that the transition moment in band b is perpendicular to the long axis of CDMA, thus confirming the results reported by Lippert et al. [1] [2] [3] .
The actual values of the emission anisotropy in band b are considerably lower, since the broad a band with
The emission anisotropy is defined by: r -/ where the temperature range examined, the viscosity of glycerol strongly decreases, although not enough for the rotational relaxation time and dielectric relaxation time of the solvent to be by two or three orders of magnitude lower than the mean lifetime of the CDMA molecule in state *L a .
On the other hand, the CDMA molecule placed in paraffin oil exhibits only the normal band of fluorescence b, corresponding to the nonpolar solvent (Fig. 4 and Table 1 ). The emission anisotropy observed at 295 K is clearly negative ( Figure 5 ). The raising of temperature to 353 K causes a decrease in the viscosity of paraffin oil and, hence, results in stronger rotational depolarization of fluorescence. In this case, in accordance with the definition of the emission anisotropy, r= -(J x -I\\)/I, attenuation of the perpendicular component, I ± , occurs and the emission anisotropy approaches zero (see Figure 5 ).
Mention should be made that the anomalous behaviour of the emission anisotropy observed in bands a and b of CDMA in propylene glycol [17] can be accounted for, similarly as for the glycerol solution, by different lifetimes of this molecule in states *L a and
Absorption, Fluorescence and Emission Anisotropy Spectra of CDMA in PVA and PVC Films
As already demonstrated in [17] , CDMA in PVA film at room temperature exhibits both fluorescence and phosphorescence. To eliminate the phosphorescence, the behaviour of the emission anisotropy should be examined at elevated temperatures. Figure 6 shows the spectra of the global emission a and b of the CDMA molecule in PVA film at different temperatures. As seen in Fig. 7 , the phosphorescence band lying within band a vanishes completely above 343 K. Similarly as in the glycerol solution, a greater broadening of band a compared to band b can be observed. Elevation of temperature results in a still greater broadening. Above 353 K, the emission anisotropy of the pure fluorescence increased rapidly and did not change within band a (Fig. 8) , whereas when passing to band b, the fluorescence decreased markedly, similarly as for CDMA in glycerol.
Shortwave emission b is observed for the same CDMA molecule in the PVC polymer, with a distinct, weakly pronounced band a (Figure 9 ). In this case, no phosphorescence was observed at room temperature. The temperature increase was accompanied by a distinct decrease in the intensity of band b, this, however, being somewhat slower than for CDMA in PVA film. Despite the weakly pronounced band a (in the longwave part of band b), marked emission anisotropy can be observed in the region above 400 nm, whereas within band b the anisotropy decreases distinctly with decreasing wavelength (Figure 10 ).
As seen when comparing the emission spectra for CDMA in PVA and PVC (Figs. 6 and 9) , band a in PVA is distinctly developed whereas in PVC it its hardly outlined in the longwave part of band b. At 353 K (when no phosphorescence occurs for CDMA in PVA), the intensity of band b in PVC film is slightly
Q. a) > higher than that in PVA film. In this case, the polarity of the matrix does not play any significant role since the medium is not liquid. It can only be assumed that the TICT state can only be created as the result of the microscopic defects formed in the PVA and PVC matrices.
